In this study, the charged Higgs pair production is analyzed for the minimal extension of the standard model called two-higgs-doublet model. The process γγ → H + H − is calculated at the tree level for the ILC and the numerical analysis is presented for various parameters. The production rate of the charged Higgs boson pair as a function of center-of-mass (CM) energy and the differential cross section as a function of angle between photon and positive charged Higgs boson is presented. The cross section gets high at the low charged Higgs mass and low CM energies. The total integrated cross section of the process is also calculated at a e + e − -collider by convoluting the γγ → H + H − subprocess with the photon luminosity of the backscattered photons. The total integrated cross section peaks around √ s = 650 GeV and have a value of 1.4 pb for m H ± = 100 GeV/c 2 . Charged Higgs detection is very important sign for the new physics and the results shows the potential of the ILC for the search of the new physics signals.
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I. INTRODUCTION
Over the last couple of decades, many extensions to cure the quadratic divergence at the scalar sector in the Standard Model (SM) have been proposed and the implications of the new physics have been studied intensively.
One possible extension of the SM is to add a second Higgs doublet to the scalar sector. The new scalar doublet has the same quantum number with the Higgs doublet and they together give mass to leptons, quarks and electroweak bosons. This model is called Two Higgs Doublet Model (THDM). In a general THDM, there will be two charged Higgs bosons (H ± ) and three neutral Higgs bosons (h 0 , A 0 , H 0 ) [1, 2] . Where h 0 is a SM like particle and its properties bear resemblance to the discovered Higgs boson. In the model, h 0 along with H 0 are CP-even, whereas A 0 is CP-odd Higgs boson.
There has been a long time effort to observe a hint associated with a charged Higgs boson in the past and current experiments. However, it is not yet discovered at the LEP, Tevatron and even at the LHC and the search is still going on. The LEP experiment excluded the charged Higgs boson with mass below 80 GeV (Type II scenario) or 72.5 GeV (Type I scenario, for pseudo-scalar masses above 12 GeV ) at the 95 % confidence level. If it is assumed that BR(H + → τ + ν) = 1, then charged Higgs mass bound increased to 94 GeV for all tan β values. [3] . The Tevatron experiments D0 [4] [5] [6] and CDF [7] excluded charged Higgs mass in the range of 80 GeV < m H ± < 155 GeV at the 95 % confidence level, assuming BR(H + → cs) = 1. Charged Higgs search is also studied at the LHC in the decay of top quark [8, 9] and upper limits are set for the BR(t → H + b) and BR(H + → τ ν), respectively.
Nowadays, there is an ongoing effort for another project named International Linear Collider (ILC) where e + e − , e − e − and γe collisions are studied. The main task at the ILC is to complement the LHC results, and also search for clues in (BSM) such as supersymmetry, extension of the scalar sector and exotic models. ILC is designed to study the properties of the new particles and the interactions they make according to the theory. As it is expected, linear colliders compared to the LHC have cleaner background and it is possible to extract the new physics signals from the background more easily. One option being considered for the ILC is to add γγ-collider with the center of mass energy √ s = 250 − 2000 GeV with an integrated luminosity of the order of 100 f b −1 yearly [10, 11] .
A lot of effort have been invested in pair production of the charged Higgs boson at the hadron colliders, the arXiv:1601.01837v1 [hep-ph] 8 Jan 2016
production cross section reaches up to 40 femto-barn [12, 13] . Therefore, the pair production of the charged Higgs boson is also possible at the linear colliders where the production rate is higher. At a γγ-collider, the production rate could be much higher than e + e − -collisions at the tree level. In Ref. [14] , the process e + e − → H + H − for THDM is studied at the tree level, the γγ → H + H − process have been studied before at the Born level and including only the Yukawa corrections [15] . Discovery potential and detection signatures of the charged Higgs pair are studied in [16] .
Even though the process is analyzed including the Yukawa corrections, the born level process still have rich physics results and needs a detailed study in the light of recent constraints on the charged Higgs production. In this work, the analytical and numerical calculations for the charged Higgs pair production are presented at the born level. The total cross section as a function of the center-of-mass energy for the charged Higgs pair and the angular distribution of the cross section are calculated and analyzed for various parameters. The m H ± dependence of the process is discussed and presented for two distinct energies. In addition to these, the total cross section is calculated in a e + e − -collider for up to √ s = 2 T eV as a function of √ s.
The content of this paper is organized as follows. In Sec. II, the scalar sector and the charged Higgs boson in THDM are discussed. In Sec. III, analytical expressions of the amplitude for the pair production of the charged Higgs and the kinematics of the scattering, the total cross section in e + e − machine are given. In Sec IV, numerical results of the total cross section for the benchmark point are discussed. The conclusion is drawn in Sec V.
II. THE SCALAR SECTOR OF THE THDM
Adding another Higgs doublet to the scalar sector of the SM introduces in total 14 free parameters. In a general THDM, the parameters m 11 , m 22 and λ 1,2,3,4 are real while m 12 and λ 5,6,7 are complex. We denote the Higgs doublets as
and the vacuum expectation values are < Φ 1 >= ν 1 / √ 2 and < Φ 2 >= ν 2 / √ 2, respectively. In the theory, both of the doublets have the same charge assignment, so that they could couple to leptons and quarks as in the SM. The scalar potential of the THDM is given in Eq. 2.
If it is assumed that the electromagnetic gauge symmetry is preserved in THDM, we could easily make a SU (2) rotation on Φ 1 and Φ 2 doublets in such a way that the vev's of the two doublets are aligned in the SU (2) space and ν = 246 GeV will reside completely in the neutral component of one of the Higgs doublets [17] . A special case appears in this alignment limit where Φ 1 and Φ 2 in the mass matrix go to zero and the lighter CP even Higgs boson h 0 is nearly indistinguishable from the Higgs boson of the Standard Model.
The CP violation and the flavor changing neutral currents (FCNC) can be suppressed by imposing Z 2 symmetry on the Lagrangian. That is the invariance on the Lagrangian under the interchange of Φ 1 → Φ 1 and Φ 2 → −Φ 2 . If it is allowed to violate the discrete Z 2 symmetry softly, then FCNC are naturally suppressed at the tree level. The m 2 12 term in Eq. 2 ensures the breaking of the discrete symmetry. Therefore, if the discrete Z 2 symmetry is extended to the Yukawa sector, we end up with four independent THDMs. In a result, this discrete symmetry might be extended to the Higgs-fermion Yukawa interactions in a couple of different and independent ways. In Type I, Φ 1 couples to the all fermions and generates mass. Type II is defined as where Φ 2 couples to up-type quarks and Φ 1 couples to down-type quarks and leptons [1, 18, 19] . In Type III, Φ 2 couples to up-type quarks and to leptons and Φ 1 couples to down-type quarks. Lastly in type IV, Φ 2 couples to all quarks and Φ 1 couples to leptons.
In this work, we dont need to consider 14 parameters in the scalar potential. Since CP-violation doesn't have effect on the charged Higgs production at the tree level in this work but the neutral Higgses, it is not taken in to account.
Thus, λ 6 = λ 7 are set to zero and the complex parameters m 12 and λ 5 are taken as real. In a result, under these assumptions, the free parameter number reduces to 8. According to the electroweak symmetry breaking, 3 degrees /(sin β cos β) [20] . The free parameters introduced above in the THDM potential could be expressed in different basis, since the physics is not changed, with the help of 2HDMC [21] we could convert these interchangeably.
III. THE CALCULATION OF THE LEADING ORDER CROSS SECTION OF THE
In this section, analytical expressions of the cross section in e + e − collider for the charged Higgs pair production are given. Throughout this paper, the process for the charged Higgs pair production is denoted as
where k a (a = 1, ..., 4) are the four momenta of the incoming photons and outgoing charged Higgs bosons, respectively.
All the relevant Feynman diagrams contributing to the process γγ → H + H − at the tree level are depicted in Fig 1, where they are generated using FeynArts. The expression of the amplitudes for each type of diagrams are constructed using FeynArts [22, 23] , the relevant part of the Lagrangian and the corresponding Feynman rules for the vertices are defined in Ref. [24] . After the construction of the amplitudes, the simplification of the fermion chains and squaring the corresponding amplitudes are done using FormCalc [25] . Due to the photon coupling, there are three topological different diagrams at the tree level. The total Feynman amplitude at this level is given below; 
2 represents the Mandelstam variables. After squaring the total amplitude and summing over the polarization vectors, the calculated expression is written as
For the numerical calculation, the scattering amplitude is evaluated in the center of mass frame where the fourmomentum and scattering angle are denoted by (k, θ). The energy (k 0 i ) and momentum ( k i ) of the incoming and outgoing particles are given below in terms of CM energy :
where m i is the mass of the corresponding particle. The cross section of the process is calculated by taking into account the flux factor of the incoming particles and integral over the phase space of the outgoing particles aŝ
where
is the Källen function for the phase space of the outgoing charged Higgs pairs.
The total integrated cross section of the process in a e + e − -collider could be calculated by convoluting the cross section with the photon luminosities created by the backscattering electrons.
where s andŝ are the CM energy in e + e − collisions and γγ subprocess, respectively. x min is the threshold energy for production of the charged Higgs pair and defined as
The maximum fraction of the photon energy is taken as x max = 0.83 [26] . The distribution function of the photon luminosity is given by
where F γ/e (x) is the energy spectrum of the Compton back scattered photons from initial unpolarized electrons and it is defined as a function of fraction x of the longitudinal momentum of the electron beam [26] .
IV. NUMERICAL RESULTS AND DISCUSSION
In this section, the numerical results for the charged Higgs pair production via photon-photon collisions are presented. SM parameters are taken from Ref. [27] and fine-structure constant is α(m Z ) = 1/127.934. Apart from the SM parameters, we also need to set a value for the free parameters introduced by addition of the new Higgs doublet.
In the light of the results from the charged Higgs search in the previous experiments, we employed HiggsBounds [28] and HiggsSignals [29] to determine a parameter set for the numerical analysis. This set of parameters given below is not excluded yet by any experimental constraint. We define the free parameters in the physical mass basis; The mass spectrum of the neutral Higgs bosons are set to m h 0 /A 0 /H 0 = 125/400/400 GeV , the charged Higgs mass is taken as a free parameter in the results. As it is mentioned before, the CP violation is not included in the calculation so that the λ 6 and λ 7 are set to 0. Finally, the soft symmetry breaking term is taken as m 2 12 = 15600 and sin(β − α) = 1. After substituting all the parameters, the cross section of the process γγ → H + H − is calculated and given as a function of CM energy in Fig. 2 (a) up to 2 TeV for three different charged Higgs masses. As it can bee seen, the cross section declines gradually for higher charged Higgs mass. The cross section have a peak around √ŝ = 220 GeV and it gets value ofσ ≈ 4.15 pb for m H ± = 100 GeV , at high energies the cross section decays and it gets a value ofσ( √ŝ = 1 T eV ) ≈ 0.5 pb. The differential cross section as a function of angle between the incoming photon and positive charged Higgs boson for 0.5 TeV and 1 TeV CM energies are given in Fig. 2(b) where the charged Higgs mass is set to m H ± = 150 GeV . In Fig. 2(b) , there is a small asymmetry at low CM energy, therefore the asymmetry gets large for higher CM energy due to the asymmetrical t− and u−terms presented in the cross section. The differential cross section gets high at the tree level when θ ≈ 0. It can be seen in Fig. 2(b) that the production of the charged Higgs boson is produced in the forward and backward direction largely, and it will be much more possible to detect them in that region of the collision. In Fig. 3 , the m H ± dependence of the cross section is plotted for 0.5 T eV and 1 T eV CM energies. In each case, the cross section gets high for the low charged Higgs masses. Therefore, the cross section is also high for the lower CM energy due to the t− and u−channel Feynman diagrams.
Two dimensional analysis over the integrated cross section of the γγ → H + H − process is drawn in Fig. 4 as a function of CM energy and the charged Higgs mass m H ± . Left up corner of the plot shows a region in white where the process is kinematically not accessible. At the red region in Fig. 4 , the cross section gets a value up to 3.75 pb at low charged Higgs masses and also at low CM energy. Moving either on high CM and higher charged Higgs mass makes the cross section decline, dramatically. as a subprocess in a e + e − -collider. The cross section is convoluted with the photon luminosity of the back-scattered photons with the help of Eq. 16. In Fig. 5 , the total integrated cross section is pictured up to √ s = 2 T eV for four different charged Higgs masses. As it is expected from the previous results, the total integrated cross section gets higher for the lower m H ± . The production rates around √ s = 550 GeV is 1.65 pb and it declines down to 0.9 pb at √ s = 2 T eV .
V. CONCLUSION
LHC experiment affirmed the existence of a neutral Higgs boson [30, 31] , hereafter, the discovery of a charged
Higgs boson or any charged Higgs like particle at the future colliders will be a clear evidence of the existence of new physics beyond the SM. The resent announcement on excess in the two photon channel [32, 33] at ATLAS and CMS experiment could be a clear evidence on the CP-even or CP-odd Higgs boson predicted by the THDM. Therefore, their masses have no impact on the charged Higgs pair production.
In this paper, we have calculated the charged Higgs boson pair production at the photon-photon colliders at the tree level in detail. According to the picture drawn by the previous section, the charged Higgs boson pair production via photon-photon collisions have a nice production rates which can easily be detected and the properties could be studied thoroughly with the planned luminosity. The total integrated production rate of the process e + e − → γγ → H + H − reaches highest 1.63 pb at √ s = 0.65 TeV for the m H ± = 100GeV /c 2 and falls down slowly at higher CM energies.
Given the parameters studied for the numerical analysis, the charged Higgs boson have a branching ratio close to 1 for the decay to τ and neutrino. According to the free parameters in the THDM and in Type II, charged Higgs boson follows the decay chain H + → τ ν τ . The signature of the charged Higgs boson pair production in the detector will be tagging two taus and missing energy related with the neutrinos. Taking into account the acceptance of the detector, it could be a clear signal for charged Higgs boson as well as new physics beyond the Standard Model. In a conclusion, a photon collider with the parameter set discussed above is a viable option for the e + e − -collider which could explore the low charged Higgs mass of the parameter space. However, even if the ILC experiment could detect a charged Higgs boson, it still needs to be affirmed which model it belongs to, since many extensions of the SM like Supersymmetry [34] does predict a charged Higgs boson.
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